Similarity threshold determination process
This process is composed of three steps:
1. Define at least two different groups of similar genes for species of interest.
(a)
In each group, compute the similarities between each pair of genes (i.e. the intra-group similarities). Gather all the similarity results to obtain an S distribution of similar genes.
(b) Compute the similarities between each combination of a gene from the first group and a gene from a second group (i.e. the inter-group similarities). Gather all the similarity results to obtain an N distribution of non-similar genes.
3. If the S and N distributions have no overlap between the data ranges (min, max), define the threshold τ sim using any value between τ S (the lowest value of S) and τ N (the highest value of N). Else, there are some false negatives (FN) and some false positives (FP):
(a) Compute the FN proportion of FN in the S distribution for all samples of the similarity threshold between τ N to τ S . In this step, consider every value under the similarity threshold as a FN.
(b) Compute the FP proportion of FP in the N distribution for all samples of the similarity threshold between τ N to τ S . In this step, consider every value above the similarity threshold as a FP.
(c) For each possible threshold value, sum the FN and FP proportions obtained in steps 3a and 3b. The similarity threshold τ sim is the threshold that minimizes this sum.
Step 1: Define at least two different groups of similar genes for species of interest
Here we need biological knowledge to compose groups of genes that we know similar. As we focus on biological processes, we propose to use PANTHER families. The PANTHER families are composed of genes sharing an evolutionary history, molecular functions and biological processes annotations, and an involvment in the same biological pathways. Consequently, we assumed that genes belonging to a same PANTHER family share enough features to be considered as being involved in similar biological processes. Inversely, we assumed that two genes belonging to two different PANTHER families should not be considered as being involved in similar biological processes. We need a minimum of two gene groups to compute a threshold but considering more groups increases threshold robustness. In this document, we will use six PANTHER families as groups of similar genes. We select families involved in different biological processes and having at least 10 genes, with no gene common between the selected families. These families are:
• "histone h1/h5 (pthr11467)"
• "g-protein coupled receptor" (pthr12011)
• "neurotransmitter gated ion channel" (pthr18945)
• "tyrosine-protein kinase receptor" (pthr24416)
• "phosphatidylinositol kinase" (pthr10048)
• "sulfate transporter" (pthr11814) Table 1 gives the group of genes for each family. 
Each PANTHER family of this table is one group of similar genes used to compute a BP threshold.
Step 2: Semantic similarity computation Intra-group similarity At this step, we compute similarities between each pair of genes within each group. For example, for the group "phosphatidylinositol kinase" (pthr10048), we have to compute all pairwise similarities for the couples of genes given in Table 2 . The result of these similarity computation gives a first S distribution. Couple of genes for which we have to compute pairwise similarity for phosphatidylinositol kinase family phosphatidylinositol kinase intra-group couple of genes (PI4KA, PIK3CB) (PI4KA, PIK3CA) (PI4KA, PIK3CG) (PI4KA, PIK3C2G) (PI4KA, PI4KB) (PI4KA, PIK3C2A) (PI4KA, PIK3CD) (PI4KA, PIK3C2B) (PI4KA, PIK3C3) (PIK3CB, PIK3CA) (PIK3CB, PIK3CG) (PIK3CB, PIK3C2G) (PIK3CB, PI4KB) (PIK3CB, PIK3C2A) (PIK3CB, PIK3CD) (PIK3CB, PIK3C2B) (PIK3CB, PIK3C3) (PIK3CA, PIK3CG) (PIK3CA, PIK3C2G) (PIK3CA, PI4KB) (PIK3CA, PIK3C2A) (PIK3CA, PIK3CD) (PIK3CA, PIK3C2B) (PIK3CA, PIK3C3) (PIK3CG, PIK3C2G) (PIK3CG, PI4KB) (PIK3CG, PIK3C2A) (PIK3CG, PIK3CD) (PIK3CG, PIK3C2B) (PIK3CG, PIK3C3) (PIK3C2G, PI4KB) (PIK3C2G, PIK3C2A) (PIK3C2G, PIK3CD) (PIK3C2G, PIK3C2B) (PIK3C2G, PIK3C3) (PI4KB, PIK3C2A) (PI4KB, PIK3CD) (PI4KB, PIK3C2B) (PI4KB, PIK3C3) (PIK3C2A, PIK3CD) (PIK3C2A, PIK3C2B) (PIK3C2A, PIK3C3) (PIK3CD, PIK3C2B) (PIK3CD, PIK3C3) (PIK3C2B, PIK3C3)
The result of the computation of similarity for these couples provides one of the six S distribution.
Here we compute a BP threshold for Wang's similarity measure. We use an in house implementation of this measure, available at http://bettembourg.fr/labo/go2sip/ and illustrated by Figure 1 We repeat this process for each family to obtain six S distributions of similarity values. 
Inter-group similarity
At this step, we compute the similarities between each combination of a gene from a first group and a gene from a second group. With our six groups, we will obtain 15 inter-groups N distributions as presented by Table 3 . Table 3 : 15 inter-groups N distributions 15 inter-group N distributions neurotransmitter gated ion channel vs histone h1/h5 neurotransmitter gated ion channel vs sulfate transporter neurotransmitter gated ion channel vs g-protein coupled receptor neurotransmitter gated ion channel vs tyrosine-protein kinase receptor neurotransmitter gated ion channel vs phosphatidylinositol kinase histone h1/h5 vs sulfate transporter histone h1/h5 vs g-protein coupled receptor histone h1/h5 vs tyrosine-protein kinase receptor histone h1/h5 vs phosphatidylinositol kinase sulfate transporter vs g-protein coupled receptor sulfate transporter vs tyrosine-protein kinase receptor sulfate transporter vs phosphatidylinositol kinase g-protein coupled receptor vs tyrosine-protein kinase receptor g-protein coupled receptor vs phosphatidylinositol kinase tyrosine-protein kinase receptor vs phosphatidylinositol kinase
We have to compute the similarity value of each gene of the first group vs each gene of the second group.
For example, to obtain the N distribution comparing sulfate transporter vs phosphatidylinositol kinase, we have to compute all the pairwise similarities given in Table 4 . Table 4 : Couple of genes for which we have to compute pairwise similarity for sulfate transporter vs phosphatidylinositol kinase families sulfate transporter vs phosphatidylinositol kinase inter-group couple of genes (PI4KA, SLC26A7) (PI4KA, SLC26A5) (PI4KA, SLC26A4) (PI4KA, SLC26A1) (PI4KA, SLC26A2) (PI4KA, SLC26A11) (PI4KA, SLC26A8) (PI4KA, SLC26A9) (PI4KA, SLC26A3) (PI4KA, SLC26A10) (PI4KA, SLC26A6) (PIK3CB, SLC26A7) (PIK3CB, SLC26A5) (PIK3CB, SLC26A4) (PIK3CB, SLC26A1) (PIK3CB, SLC26A2) (PIK3CB, SLC26A11) (PIK3CB, SLC26A8) (PIK3CB, SLC26A9) (PIK3CB, SLC26A3) (PIK3CB, SLC26A10) (PIK3CB, SLC26A6) (PIK3CA, SLC26A7) (PIK3CA, SLC26A5) (PIK3CA, SLC26A4) (PIK3CA, SLC26A1) (PIK3CA, SLC26A2) (PIK3CA, SLC26A11) (PIK3CA, SLC26A8) (PIK3CA, SLC26A9) (PIK3CA, SLC26A3) (PIK3CA, SLC26A10) (PIK3CA, SLC26A6) (PIK3CG, SLC26A7) (PIK3CG, SLC26A5) (PIK3CG, SLC26A4) (PIK3CG, SLC26A1) (PIK3CG, SLC26A2) (PIK3CG, SLC26A11) (PIK3CG, SLC26A8) (PIK3CG, SLC26A9) (PIK3CG, SLC26A3) (PIK3CG, SLC26A10) (PIK3CG, SLC26A6) (PIK3C2G, SLC26A7) (PIK3C2G, SLC26A5) (PIK3C2G, SLC26A4) (PIK3C2G, SLC26A1) (PIK3C2G, SLC26A2) (PIK3C2G, SLC26A11) (PIK3C2G, SLC26A8) (PIK3C2G, SLC26A9) (PIK3C2G, SLC26A3) (PIK3C2G, SLC26A10) (PIK3C2G, SLC26A6) (PI4KB, SLC26A7) (PI4KB, SLC26A5) (PI4KB, SLC26A4) (PI4KB, SLC26A1) (PI4KB, SLC26A2) (PI4KB, SLC26A11) (PI4KB, SLC26A8) (PI4KB, SLC26A9) (PI4KB, SLC26A3) (PI4KB, SLC26A10) (PI4KB, SLC26A6) (PIK3C2A, SLC26A7) (PIK3C2A, SLC26A5) (PIK3C2A, SLC26A4) (PIK3C2A, SLC26A1) (PIK3C2A, SLC26A2) (PIK3C2A, SLC26A11) (PIK3C2A, SLC26A8) (PIK3C2A, SLC26A9) (PIK3C2A, SLC26A3) (PIK3C2A, SLC26A10) (PIK3C2A, SLC26A6) (PIK3CD, SLC26A7) (PIK3CD, SLC26A5) (PIK3CD, SLC26A4) (PIK3CD, SLC26A1) (PIK3CD, SLC26A2) (PIK3CD, SLC26A11) (PIK3CD, SLC26A8) (PIK3CD, SLC26A9) (PIK3CD, SLC26A3) (PIK3CD, SLC26A10) (PIK3CD, SLC26A6) (PIK3C2B, SLC26A7) (PIK3C2B, SLC26A5) (PIK3C2B, SLC26A4) (PIK3C2B, SLC26A1) (PIK3C2B, SLC26A2) (PIK3C2B, SLC26A11) (PIK3C2B, SLC26A8) (PIK3C2B, SLC26A9) (PIK3C2B, SLC26A3) (PIK3C2B, SLC26A10) (PIK3C2B, SLC26A6) (PIK3C3, SLC26A7) (PIK3C3, SLC26A5) (PIK3C3, SLC26A4) (PIK3C3, SLC26A1) (PIK3C3, SLC26A2) (PIK3C3, SLC26A11) (PIK3C3, SLC26A8) (PIK3C3, SLC26A9) (PIK3C3, SLC26A3) (PIK3C3, SLC26A10) (PIK3C3, SLC26A6)
The result of the computation of similarity for these couples provides one of the 15 N distributions.
We use our in house implementation of Wang's similarity measure to compute all 15 N distributions.
S and N distribution study
We can now compile all the S and N distribution in a file structured like shown in Figure 2 in order to display the distributions as boxplots and to compute Welch's t-tests to ensure the results are significant. The R script boxplot.R displayed next page draws the boxplots for a visual analysis of the distributions and computes the Welch's t-tests. If Welch's t-test cannot highlight a significant difference between S and N distributions, we have to chose other groups of genes and restart all the process. With the data used, the boxplot obtained is displayed in the part A of the Figure 8 of our paper "Interpretation of semantic similarity and particularity for functional analysis of gene set" and the result of the Welch's t-tests are in Supporting Information file S2. These Welch's t-test results allow to consider the S and N distribution significantly different. 41 42 s i n k ( " / t e s t s / welch BP . t x t " ) 43 c a t ( " Comparison o f t h e b o x e s I n t r a −g r o u p s and I n t e r −g r o u p s " ) 44 t s t <− t . t e s t ( s i m i l a r i t y˜i n t r a I n t e r , data = b x t h r e s h o l d ) 45 p r i n t ( t s t ) 46 f o r ( i i n u n i q u e ( c o m p a r i s o n ) ) { Step 3: Overlap study If the S and N distributions have no overlap between the ranges (min, max), we define the threshold τ sim using any value between τ S (the lowest value of S) and τ N (the highest value of N). Else, like with the data we used here, there are some false negatives (FN) and some false positives (FP).
The lowest value of all S distributions is τ N , the threshold value under which the two compared genes are non-similar. There cannot be any FN below τ N , but there will be some FPs above τ N as S and N distributions overlap. The highest value of all N distributions is τ S , the threshold value above which the two compared genes are similar. There cannot be any FP above τ S , but there will be some FNs below τ S as S and N distributions overlap.
To find the best threshold of similarity τ sim , we have to study the variation of the proportions of FPs and FNs when varying τ sim between τ N and τ S . The Python script thresholdVariation.py computes these FP and FN proportions and allows to find the minimum the sum of these FP and FN proportions as showed in Figure 3 . 
